Abstract-To investigate coupled oscillator model and community detection algorithm, an improvement method about the phase synchronization oscillator model and an optimized method (community detection via model modification) was proposed. By using the Kuramoto oscillator model as a basis, after joining the negative coupling strength, the nodes can be divided into several different synchronized clusters. In the synchronization process, the internal nodes in the same matrix are connected closely. In this method Kuramoto coupled oscillator model are expanded. The network can realize synchronization or be partitioned into several clusters depending on its structure. If all the nodes of the network are densely connected as a whole entity, synchronization will appear. If the network consists of several groups within which the connections are dense and between which the connections are sparser, the network will be partitioned into several clusters by their phases. The networks are divided into several communities because of this clustering phenomenon. The experiments show that the method is very promising. The simulation results in a variety of community structure that the proposed algorithm is an accurate, efficient and practical method for detecting community structure in networks.
INTRODUCTION
Since the middle of the twentieth Century, the nonlinear dynamics has gradually become one of the basic tool for the analysis of complex dynamical systems. Dynamics of network systems has attracted many researchers' attention. But in the study of nonlinear dynamics in twentieth Century, most of the network dynamic system models assume that the network has a regular and fixed topology, and focuses on the complexity caused by a series of nonlinear dynamical behavior of the nodes. Classic examples include CML (coupled map lattice) and CNN (cellular neural/nonlinear network). The main benefits of using a simple network is that researchers can focus on the dynamics behavior of node influence on the complexity of network, and integrated circuit is easy to realize the simple topology rule network. But with the development of computer network, this simple rule network cannot meet the researchers requirements Since 90's of the twentieth Century, the rapid development of the information technology based on Internet make the human society strides into the era of the network. People are living in a world which contains of various types complex networks. From the late twentieth Century since, the research on complex network has been extended to many fields of life science, mathematics and engineering etc.. A very important and challenging research issue is the qualitative and quantitative scientific analysis of complex network, it is even called "new science of network". In recent years, along with the research of complex network in mathematics, life science, sociology and engineering science is unceasingly thorough, people come to realize the important role of complex network in understanding the artificial or natural system. The quantitative and qualitative research in complex network has become a significant topic in the research of the network.
Complex network is a powerful tool to explain the variety of actual network. With the in-depth study of the physical meaning and mathematical characteristics of the network nature, the researchers found that many real networks have a common characteristic： the community structure [1] . That is, the whole network is composed of several "group" or "cluster". For example, the social network, the network of Biochemistry, information network, etc. In the community, the nodes are divided into many clusters which are closely connected between the same clusters, and Sparsely connected between different clusters [2] . As shown below, the network contains 3 community, respectively, in the graph by the dotted line surrounding parts. In every community internal, connection between nodes is relatively tight, and the connection between the different communities is relatively sparse [3] .
In general, the community may include class, group, and various definitions. For example, the web can be considered to be composed of a large number of community web sites. In one community all of web sites have the topics of mutual interest [4] . Similarly, in biological networks or circuit network, each node can also be according to their different nature which is divided into different communities [5] . Revealing the community structure in the network is very important for understanding the network structure and network performance analysis. Community structure analysis has wide application in biology [6] , physics and computer graphics.
In order to research the common characteristics of different types of complex network on the structure, we need a unified tool used to describe network. In mathematics, we call this tool for graph. Any network can be considered as a system composed of some in some way connected nodes. A specific network with the abstract graph, the nodes in the network is the abstract to say, the connection between nodes in the network node specific for the connection between the representation. A specific network is represented by an abstract diagram, equivalent to specific nodes in the network is represented by an abstract point.
In the early, Professor Winfree assumed that each oscillator only have the strong interaction with finite oscillators which are around with it [7] . In order to simplify the synchronization problem into a phase change, amplitude of vibrator can be ignored. Based on this, Kuramoto noted that the dynamic characteristics of a coupled system with a finite number of identical oscillators [8] can be determined by a simple phase equation regardless of how weak coupling strength between each transducer within the system. After this, the researchers began to widespread concern about the coupled system of network synchronization. If a node represents a dynamic system, t by plus a connecting edge between the two interacted systems, you can generate a kinetic network [9] . It can be seen, most studies on complete graph is the actually synchronized, because any two oscillators have mutual coupling effect [10] .
In a network, a community usually corresponds to a specific functional group or set In recent years, in order to fully analyze different network functions, more and more researchers began to focus research on community structure. Typical algorithms include: Kernighan-Lin algorithm, which uses a greedy algorithm, according to the boundary between the community and the community optimization principle to classify the network [11] . Hierarchical clustering is a kind of traditional algorithm for community structure in actual network [12] . It is based on the similarity or strength of the connection between each node. The network is naturally divided into each subgroup. According the network edge it can be divided into agglomerative method and divisive method. Another typical method is the biggest modularity method. The aim of the most existing methods is to provide a method of network partitioning. For example, a node should belong to a particular community. But in these algorithms, a node belongs to multiple community problem has not been considered [13] .
The study found that the topology of the network may be expressed by its dynamic information. Li put forward a coupled oscillator Kuramoto model to divide the new method of community [14] . The proposed method has great relevance with Li's method. By studying the phase oscillation between each other node, Li [15] analysis of the synchronization between two community network . The oscillation frequency of the nodes is determined by the two different frequency regulator [16] . Finally, most nodes in two communities are substantially synchronous, however, two community overlap are still oscillating at the weighted average frequency of two community [17] ,. In order to test the function of the overlapping community, we must understand network community structure in advance and give the oscillator with different frequency distribution of different communities. We have modified the Kuramoto oscillator model in [18] . All oscillators can be assigned the same frequency distribution. In the process of phase oscillation, the phase in a community of the oscillator are close to each other. The phase of different communities are far away from each other between the oscillator. The phase and overlapping part of the oscillator are between the above two. Such community structure and overlap can be gathered and detected by oscillator, thereby the division result can be can be obtained.
Based on the extensive research in coupled oscillator model and community detection algorithm, we summarize the lessons from all kinds of algorithm and the advantages and disadvantages of the model. We put forward an improvement method and realization about the phase synchronization oscillator model and a more optimized and more valuable method: community detection via model modification [19] .
The main achievements of this paper is proposed as follows: Kuramoto coupled oscillator model in this method obtained the promotion, the network can achieve synchronization or according to the topology structure is divided into several communities. If there is close connection between all the nodes, then there will be a synchronization phenomenon. If the network consists of several groups, and connected within a group of closely connected sparse groups, then the network will according to the phase of each node and is divided into several synchronization cluster. Network through this clustering phenomenon can be divided into several communities.
II. KURAMOTO OSCILLATION SYSTEM MODEL

A. Kuramoto Phase Synchronization Model
In the phase synchronization phenomena, the Kuramoto model is proposed by Kuramoto in 1975:
Here i  and i w denote the phase and frequency of the i oscillator, the frequency i w is the random variable of probability distribution function () gw . In order to simplify the problem, assuming that () gw is un-modal value and symmetric distribution function. In the connection weights case, usually assume:
Here, 0 c  as the coupling strength between nodes. Formula (2) can be written as:
With the order parameter formula (3) can be transformed to:
In order to do not break general, it is assumed that 0   . Then, formula (4) becomes:
By the relationship between  and w , the variable w
cos ( sin ) cos
Critical coupling strength can be obtained when a synchronization phase upcoming. When the coupling strength between the oscillators is less than the critical value, the system in a disordered state. When the coupling strength between the oscillators is greater than the critical value, the system will tend to phase synchronization. Using this feature, in the next section, some improvement to the Kuramoto oscillator model will be proposed. In summary, the critical value of Kuramoto oscillator model exists a coupling strength.
B. Phase Synchronization Model with Negative Coupling Coefficient
Dynamics process of network can be expressed as the following formula: a  . In the same community internal oscillator than in the different communities are more likely to achieve synchronization. But if the network is fully connected, the oscillator will all along with the growth of D and achieve the synchronization state, eventually forming a unique cluster synchronization. Based on this, we add a negative coupling coefficient to Kuramoto model which is modified as follows:
N is the number of nodes of the network, also can be instead of the biggest network node degree or the degree of thei th oscillator. Positive coupling coefficient p k make the mutual aggregation between the connected two oscillator ( 1) ij a  phases. Negative coupling coefficient n k make phase diverged between the two no-connected oscillators ( 0) ij a  . Obviously, the second model of formula (9) shows the summary of the first model in formula (8) which has more rich dynamic content. All the oscillators will increase with the p and the formation of the same cluster and form the same cluster. Every node will form a single synchronous cluster alone, and eventually generate N synchronization cluster. In this simulation, without special circumstances, the initial frequency 
III. OPTIMIZATION ALGORITHM FOR COMMUNITY DETECTION
Based on Kuramoto oscillator model presented in section adding negative coupling coefficient, this paper presents a novel method for the detection of the community. In this section, we will introduce the specific steps of the community detection method based on model modification. Then this method is tested in a large-scale overlapping community computer generated networks. Meanwhile, also be tested in three actual overlapping community social network: Zachary's karate club network, Lusseau's bottlenose dolphin network and Protein interaction network.
Community detection method of model modification algorithm is given in Figure 1 : The following presents the specific steps of community detection method based on model modification:
A. For the Computer Generated Networks, According to Certain Rules to Draw the Network Structure Graph
If there is an existing benchmark figure for testing, then ignore this step, proceed to step 2.
According to the structure of network, generate network correspondence adjacency matrix. If using an existing reference graphs, then we need to read directly into the basis of the adjacency matrix.
B. Solving the Phase Value of Each Node
In Kuramoto model, each node of the network in correspond with an oscillator, is numbered from 1 to N; Phase change value of the oscillator phase change value corresponding node. In the MATLAB environment, we obtain the value of each oscillator within the phase variation from 0 to 1 time by solving the following equation, time interval is 0.05. Its time is mainly consumed in the shock phase process between the various nodes.
In the formula (8) 
C. To Determine Whether the Phase of the Node is Synchronized
If the phase of nodes in the same community form a synchronized cluster, while the average phase difference separated from each other between communities, then go to the next step; otherwise, returns to step (3), modifying the parameters of K , make positive coupling coefficient increasing or unchanged. And the negative coupling coefficient decreases, in order to find the phase values of the nodes, until the condition is satisfied.
In the phase diagram of the node, the node of the corresponding oscillator each phase synchronization in a synchronized clusters; divides the nodes of the same synchronization in the cluster as a community, and so on, until all nodes in each corresponding community. In the above process, verification of the division is the result of comparing node number in the phase diagram and in the reference graph. In order to more clearly show the classified results, on the basis of this, we performed some mathematics.
The first step: randomly generate the initial phase of each node i  , set the coupling coefficient n k and p k , and make phase oscillation by the formula (9) . The second step: compute each the number of nodes inside sub interval (63 total) and get its histogram.
The third step: suppose there is one peak corresponding to one Community. For each peak, we choose the highest m sub intervals and nearby, and calculate their weigh by the following formula. 2) (1, 2) 2
seg (1, 2)  is the segmentation point of the two community.
The fifth step: overlap of two community (assuming 1 community and 2) can be obtained by the following:
Here,
 is a given positive number, it can be estimated by the standard deviation of two peak and cc | (2) (1) |   . The sixth step: the membership function of each overlay node (assuming 1 community and 2) can be available by the next following:
Here, (2) (1) cc   is the distance between the two communities, Based on the above calculation, we can find the center of gravity of each community and the dividing point between them, will be able to clearly see the test results from the division point of the community. Meanwhile, for the overlapping membership of each node also done a detailed calculation, can obviously see which communities tend to overlap nodes, thus overlapping node function and structure of the affected communities to have a deeper understanding. The structure of the Community networks is showed in Figure 2 .
IV. SIMULATION AND ANALYSIS OF THE EXPERIMENTAL RESULTS
Here, we use a computer to generate network of multinodes. Parameters for N 1 100, N 2  200, N 3  300, P 1 P 0 Notice that the node 12 is a leaf node, it is only connected to the node 1, so it belongs to the node 1 of the community. An approach is proposed in reference which can in order to simplify the problem and remove node 12 before using our method. Removing the leaf node can eliminate its interference to the community detection, in order to get better classification results. Change process of oscillator phase with time in figure 4 shows that =40
. After about 10 seconds of oscillation, Each oscillator phase tends to be stable, the network is divided into two parts in figure 5 ,A and B divided by the dashed line. In the simulation 5 m  , the focus of the two communities are 2.036 and 5.146, the two split points are ( , ) seg AB  is 3.591 and 0.4494. The overlapping nodes{3, 9, 10, 14, 29, 31} is detected in  =1.3. We found that the node 10 is different from the ideal results, which can have the following interpretation: Node 10 only have two connections, one connecting node 3 (community B) and another connecting node 34 (community A). After division, the community is divided into two parts, which is composed by square node and circular node respectively. Among them, the border color of the node 3,9,10,14,29,31 said they eventually fell into the community. The Yellow node (5, 6, 7, 11, and 17) represent in some articles appeared in third communities. Clustering of this figure as shown in Figure 5 and 6. Each protein corresponds to a number of nodes, each protein names is the result of comparison with [14] .Similar methods and karate club used 6, 13, 14,15,26,27 leaf node is removed. Node 6 and node 5 belong to the same community, the node 13, 14 and 11 belong to the same community node, node 26, 27 and 25 nodes belong to the same community. The simulation results shown in Figure 7 . Conversely, if too large a negative coupling coefficient, it will affect the phase of the same community each node aggregates. In Figure 7 we plot the performance of the method as a function of the external degree of the nodes for the protein works. To check how the performance is affected by the network size, we have tested the method on a set of larger graphs in Figure 8 , 9 and 10. Now N = 1000 and 2000, whereas the other parameters are the same as before. Curves corresponding to the same parameters are similar, but shifted towards the bottom for the larger systems. We conclude that the performance of the method worsens if the size of the graph increases. If we think there's a 1000 and 2000 nodes in the network than many a figure will be much smaller, the analysis of the modular optimization may present inaccurate results in actual situation, it can be concluded that, from the current benchmark.
Optimization model algorithm we have to repeat the same. The suggested that we pay close attention to the author: the quantity we set the spin state is equal to the number of the nodes of the network, the ferromagnetic coupling J is set to 1, and the anti-ferromagnetic coupling is the link of the network density. As the results shown in Figure 9 and 10. The performance of the method is fair, it deteriorated into a large system size, like modular optimization, which proved superior.
V. CONCLUSION
In this paper, we propose a community detection method based on model modification. After the comparative study on community structure and dynamics of the network, we believe in our approach, the improved Kuramoto oscillator model which adding a negative coupling coefficient can achieve synchronization or divided into several communities. If the network is constituted by several groups, and the connection between the connected groups is sparse, then the network will eventually be divided into several synchronized clusters based on the phase of each node. Finally this clustering phenomenon network can be divided into several communities. In the simulation process, there will be a special point which does not meet the division results in this regard, we made a special analysis, explain the reason of this phenomenon. Early removal of leaf nodes also improves the efficiency and accuracy of division. The proposed method is an accurate, efficient and viable detection methods of community network structure, that is further verified by simulation on computer generated networks and real networks.
